The photodegradation of irradiated thin films of poly (para-ethoxystyrene) with 265 nm radiations in the presence of air and as a function of irradiation time has been studied using UV-VIS, fluorescence and FT-IR spectroscopic techniques. The increase in irradiation time caused an increase in the intensity of the absorption band of the polymer, thus indicating a possibility of photodegradation of polymeric chains. The influence of increase in irradiation times on pure poly (ethoxystyrene) films caused a decrease in the intensity of the fluorescence band and the appearance of new broad band at longer wavelength and to decrease with increase in irradiation time. The influence of added phthalate and terephthalate plasticizers on photo-oxidative degradation was also investigated, and found to increase the photodegradation processes in polymeric chains. The photo-quenching rate constant was found to increase with the increase of the molar mass and bulkiness of the used plasticizers and to increase with the increase in irradiation time. The rate constant of the photo quenching process was found to decrease with the increase in the amount of added plasticizers, indicating that the added plasticizers may act as UV-absorbers which inhibit the photodegradation process. The analysis of the FT-IR spectra of the irradiated and non-irradiated samples, showed a noticeable formation of new bands, and their intensity was found to increase with the increase in irradiation time and also with the increase in the amount of added plasticizer. In addition, the observed increase in the intensities of the carbonyl and hydroxyl absorption regions of the FT-IR spectra, provide evidence for the photodegradation as well as photo-oxidation of polymeric chains.
Introduction


The investigation of photodegradation of polystyrene and substituted polystyrene in solid films and in presence of air have been studied in details by many researchers [1] [2] [3] [4] [5] . Substituted polystyrene is widely used for the preparation of polymeric reagents, plastic recycling and industrial uses. Several studies have been conducted on the photodegradation of substituted polystyrene and are of interest for the photo stability of these polymers and for the preparation of new polymers which may be relevant to industrial applications [6] [7] [8] [9] [10] . It was reported that the formation of various oxygen-containing functional groups, such as peroxides and carbonyls [17] [18] [19] [20] .
It is well known that blending of substituted polystyrene (SPS), and polystyrene with phthalate and terephthalate plasticizers accelerates the photogegradation of irradiated polymeric chromophores in solid films [21] [22] [23] [24] . It was also found that the photo-stability of polystyrene was reduced by the addition by bromine-containing flame retardant, and appeared to depend on the chemical structure of the additive [22] . For the photodegradation of polystyrene containing carbonyl group, it was found that the efficiency of degradation of polymeric chromophores increased with the increase in the exposure time, and showed a change in the average molecular weight as a consequence of chain dissociation. The photodegradation of halogen substituted styrene in solid films showed a degradation of polymeric chromophores and is enhanced by plasticization with phthalate and terephthalate plasticizers [25, 26] . The irradiated polymers showed a yellowish discoloration caused by irradiation; this was related to the formation of chain double bonds as a result of hydrogen atom abstraction from the C-atom in  position of the phenyl group. It was also observed that the photodegradation of poly (p-tert-butylstyrene) solid films with 254 nm radiation, under high vacuum had been studied. The main evolve gas is hydrogen, little amount of methane, ethane, and isobutene are also formed, indicating that fission of bonds in the tert-butyl group has occurred [23] .
In this study, we are interested in studying the various aspects of photodegradation of pure poly (para-ethoxystyrene) and blended polymer with phthalate and terephthalate plasticizers in solid films, and have advanced our studies as described in this article. The stability of blended polymeric films with phthalates and terephthalate plasticizers were also investigated with the following aims:
(1) To investigate the effect of ring substitution on the photostability of irradiated pure and blended poly (para-ethoxystyrene) with UV light energy in presence of air.
(2) To select the best polymeric additive from phthalate and terephthalate plasticizers that can cause less photodegradation effect on the irradiated polymeric solutions.
(3) To compare the photostability of poly (para-ethoxystyrene) (PEOXS) with that of other substituted polystyrene.
(4) To apply Al Ani-Hawi relation [8] , in order to evaluate some kinetic parameters such as photo quenching rate constant, and quenching efficiencies of irradiated pure and blended polymer solution.
Experimental
Materials
The sample of para-ethoxystyrene monomer has been purchased from Across-Organics with high purity. Before polymerization, the sample was distilled under reduced pressure in the presence of pure nitrogen and stored in the dark at 0.0 °C. The poly (4-ethoxystyrene) (PETOS) was synthesized by bulk polymerization using 1.0% Azobisisobutyronitrile (AIBN) as indicator at 50 °C. The average molar mass of the obtained polymer was (Mn = 3.36 × 10 4 g/mole, and Mw = 5.16 × 10 4 g/mole). Only spectroscopic grade dichloroethane (DCE) was used in casting the solid films. It was found to give no detectable absorption in range (250-400 nm). It was purchased from Fluka GMBH and was used as received. The used plasticizers are dimethyl terephthalate (DMT), diethyl terephthalate (DET), dioctyl terephthalate (DOT), dibutyl phthalate (DBP) and dioctyl phthalate (DOP). These were of high purity of about (99.8%), and were purchased from Across-Organics and found to give no detectable absorption in rang 260-400 nm.
Preparation of Plasticized Polymeric Solid Films
Poly (para-ethoxystyrene) thin films with thickness of approximately 0.02 mm were prepared by solution casting of 20 wt% polymer in DCE on a spectroscopic window (quartz plate of 1.0 mm × 20 mm diameter). Moreover, about 0.02 mm thick PETOS-plasticizer films, containing different wt% plasticizers were prepared by solution casting of {polymer + (1.0-5.0 wt%) of added plasticizer} in DCE solvent. These films were used as to gain better insight into the possibility of photodegradation of the polymer during irradiation. The films were dried in a vacuum oven at 293 K for 24 hours, as to ensure the complete removal of solvent traces [9] .
Absorption and Fluorescence Spectra Measurements
Absorption spectra in the UV-range have been recorded for PETOS solid films before and immediately after UV irradiation with a Cary 100 Bio UV-visible Spectrophotometer at 298 K.
Emission spectra of UV-irradiation were preformed on a JASCO-FP 6500 Fluorescence Spectrofluorometer at room temperature. The parameters were constant for all measurements, and the excitation wavelength was 265 nm. The emission wavelength range was 270-400 nm, and all fluorescence spectra for the solid films were obtained using a thermostated solid sample holder.
UV-Vis Spectroscopy
Absorption spectra in the UV-visible range have been recorded using a JASCO-Spectrofluorometer with a built in Hydrogen-Xenon lamp (6808-J007A model number ESC-333), and supported with monochromator of holographic grating with 1,800 groves/mm. The measurements of pure polymer and that for used plasticizers were preformed in dichloroethane solution. Polymeric films were UV-irradiated for different intervals of time, from (0.0-3.0 hours), and supported with monochromator of holographic grating with 1,800 groves/mm. The intensity of the incident light, measured by HD 9021 radiometer was 1.55 mW/cm 2 . The irradiation was carried out at 298 K and at ambient atmosphere.
Measurements of FT-IR-Spectra
The Fourier transform infrared spectroscopy system that was employed in this work was NICOLET-MAGNA-IR-560 spectrometer, while the transmission mode was employed in these measurements. The working wavenumber range of the spectrometer was from 4,000 to 500 cm -1 , with a resolution of 2 cm -1 . The FT-IR spectra were recorded for the irradiated and the non-irradiated films, whereas the transmittance was plotted as function of the wavenumber.
Results and Discussion
UV-Absorption Spectra of Pure Poly (4-Ethoxystyrene), Phthalate and Terephthalate Plasticizers in DCE Solution
The UV-Absorption spectra of the used phthalate and terephthalate plasticizers in dichloroethane solutions containing 10% w/w at room temperature are shown in Fig. 1 .
In order to evaluate the optical properties of PETOS, absorption spectra of pure and plasticized polymer have been collected in the range of (260-450 nm). The spectra provide information about absorption of chromophoric groups present in the structure of photoinitiators and possibility of their excitation upon UV. It is necessary for occurrence of the fluorescence in these compounds. The shape of the absorption spectrum is similar to that of polystyrene, with small changes in the maxima of the absorption spectrum.
This may be due to the chemical structure of the substituted group in phenyl ring. The region of absorption of the used phthalate and terephthalate was found in the region of (220-260 nm) as shown in In order to evaluate the optical properties of the PETOS system, absorption spectra of the irradiated and non-irradiated polymer in solution have been collected in the range of UV-vis. The spectra provide information about absorption of chromophoric groups present in the structure of photoinitiators and possibility of their excitation upon UV. All prepared specimens were UV-irradiated and both absorption and emission (fluorescence) spectra have been collected immediately after exposure. Excitation of the PETOS chromophore at 265 nm, s absorption band with a maxima at 278 nm, and are due to the π, π* transition in aromatic rings.
The increase in irradiation times of pure film, showed a gradual increase in the intensity of the absorption spectra as well as a small change in shape of the spectra, as shown in Fig. 2 . The changes that are observed in the absorption spectra are much more important when irradiation is carried out in the presence of air. It was observed that the changes in the absorption spectra of irradiated pure polymer after exposure to UV are insignificant indicating that the formation of products with chromophore group resulted from the photodegradation of polymeric chains. The slight increase in absorbance in the whole ical properties of the PETOS system, absorption spectra of the irradiated irradiated polymer in solution have been The spectra provide information about absorption of chromophoric groups photoinitiators and possibility of their excitation upon UV. All prepared irradiated and both absorption and emission (fluorescence) spectra have been collected immediately after exposure. Excitation of the PETOS chromophore at 265 nm, showed an absorption band with a maxima at 278 nm, and are due to the π, π* transition in aromatic rings.
The increase in irradiation times of pure PETOS film, showed a gradual increase in the intensity of the absorption spectra as well as a small change in the 2. The changes that are observed in the absorption spectra are much more important when irradiation is carried out in the presence of air. It was observed that the changes in the pure polymer after exposure to UV are insignificant indicating that the formation of products with chromophore group resulted from the photodegradation of polymeric chains. The slight increase in absorbance in the whole UV-vis region was caused by some pho occurring in the polymer, mainly photo oxidative degradation leading to formation of new type of carbonyl groups and unsaturated bonds.
The effects of irradiation for 180 min for ble PETOS solid films with 4.0 terephthalate, diethyl terephthalate, dibutyl phthalate, dioctyl phthalate and dioctyl terephthalate are shown in Fig. 3 . Irradiation of blended PETOS with phthalate and terephthalate plasticizers caused a change in the shape and position of the main absorption spectrum as well as a gradual decrease in the absorption spectra with appearance of a small absorption structure at longer wavelength at (345-400 nm) the formation of new chemical compounds that result from the photodegradation of polymeric chromophores. These new photoradiation at different region from that of the polymer.
The 265 nm UV light energy has to cleave the bond in the polymeric chains with production of free radicals [2] . The efficiency of the photo-oxidation process is accelerated in presence of atmospheric oxygen, which led to the formation of oxyradicals [27, 28] .
As can be seen from Fig. 3 , a small increase in the , diethyl terephthalate (DET), dioctyl vis region was caused by some photoreactions occurring in the polymer, mainly photo oxidative degradation leading to formation of new type of carbonyl groups and unsaturated bonds.
The effects of irradiation for 180 min for blended PETOS solid films with 4.0% of dimethyl ethyl terephthalate, dibutyl phthalate, dioctyl phthalate and dioctyl terephthalate are shown Irradiation of blended PETOS with phthalate and terephthalate plasticizers caused a change in the shape and position of the main absorption spectrum as a gradual decrease in the absorption spectra with appearance of a small absorption structure at 400 nm) which indicates the formation of new chemical compounds that result from the photodegradation of polymeric -products may absorb radiation at different region from that of the polymer.
The 265 nm UV light energy has sufficient energy to cleave the bond in the polymeric chains with production of free radicals [2] . The efficiency of the oxidation process is accelerated in presence of atmospheric oxygen, which led to the formation of 3, a small increase in the intensity of absorption of a new band at longer 330 nm) was observed. This band has no clear maxima, and appears in the irradiated plasticized polymer films. This may indicate that the oxidation processes of [29, 30] . The photoproducts resulting from the reaction were involving benzene-ring opening photo-oxidation in polystyrene chromophores [31] .
Effect of Irradiation Time and Concentration on Fluorescence Intensity of Pure Poly (4-Ethoxystyrene) (PETOS) at (λ exc = 265 nm)
The effect of change concentration of PETOS in (DCE) solvent on the stability of polymer when irradiated at different intervals of time studied at room temperature is presented in Fig. 4 .
As can be noticed from As can be observed from Fig. 5 , as the molarity of the polymer increases, the efficiency of quenching of monomer fluorescence decreases. This is due to the decrease of polymer chromophores by decreasing of the polymer concentration. The same observations were obtained in the quenching of excimer emission as can be observed from Fig. 4 .
The rate of quenching of polymer fluorescence in solid films is slower than that in solution. This can be explained as follow: the lower mobility of polymer chromophores is in polymer matrix, the diffusion of polymer chromophores is restricted, contrary to solution where movement of chromophores is less restricted. Also the diffusion of atmospheric oxygen is more limited in the film than that in solution, then; the efficiency of quenching of excited states is lower than that in solid films [32] .
Effect of UV-Irradiation Time on Fluorescence Intensity of Pure and Blended Poly (4-Ethoxystyrene) Films with DMT, DOT and DOP Plasticizers at (λ exc = 265 nm)
The fluorescence spectra were obtained for pure PETOS films, photo irradiated for (0.0-150 min) at 298 K and in presence of air. Irradiation of solid films of pure polymer was accompanied by decrease in the intensity of the fluorescence band as well as a small red shift in the λ max of the excimer fluorescence band. These changes may be attributed to the photodegradation of polymeric chains through chain scissions, and the formation of conjugated double bonds along the polymer chain during the photodegradation by hydrogen abstraction process [21, 33] .
The red shift in the excimer fluorescence band of the irradiated poly (4-ethoxystyrene) film is in good agreement with that reported with irradiated polystyrene and substituted polystyrene solid films [8, 28] .
Tovborg and Kops [21] pointed out that quenching of polymeric emission might be attributed to the energy transportation of the oxides formed by the photo-oxidation of polymeric chromophores, or to the quenching effect of the formed peroxide formed during UV-irradiation.
In order to estimate the influence of blending of PETOS solid films with dioctyl terephthalate (DOT), dibutyl phthalate (DBP), and dimethyl terephthalate (DMT) , the fluorescence spectra of pure and blended PEOXS films were recorded immediately after each irradiation time and are presented in Fig. 6 .
The blending of polymer film with (4.0% DOP and 4.0% DBP and 4% DMT), shows only excimer and monomer fluorescence bands and no exciplex emission was observed upon the increase in the percentage off added plasticizers. Most likely, the formed energy transfer complex formed between the polymer chromophore and the plasticizer molecule is not stable enough to give exciplex fluorescence emission. As can be seen from Fig. 6 , the blended poly (4-ethoxystyrene) films have slightly some modification to that of pure film, where the quenching efficiency in the intensity of the fluorescence band was increased by the increase in irradiation time (0.0-150 min). It was also noticed a small change in the shape of the fluorescence spectra, a small red shift and the increase in the fluorescence intensity of a new broad band without clear maxima at longer wavelength (342-378 nm), as clearly seen by blending with DOT plasticizer. This finding is with full agreement with that obtained with irradiated poly (4-methylstyrene) [34] . The formation of new fluorescence broad band at longer wavelength, was found to increase its intensity with the increase of irradiation time, and may be attributed formation of excited complex from the excited polymer chromophores and the ground state terephthalate molecules [35] .
To compare the UV influence on different samples of PETOS at different concentrations, the relative change of fluorescence intensity has been calculate according to the following formula. 6, the blended poly ethoxystyrene) films have slightly some modification to that of pure film, where the quenching efficiency in the intensity of the fluorescence band was increased by the increase in irradiation time a small change in the shape of the fluorescence spectra, a small red shift and the increase in the fluorescence intensity of a new broad band without clear maxima at longer 378 nm), as clearly seen by blending nding is with full agreement with that obtained with irradiated poly methylstyrene) [34] . The formation of new fluorescence broad band at longer wavelength, was found to increase its intensity with the increase of irradiation time, and may be attributed to the formation of excited complex from the excited polymer chromophores and the ground state intensity of the excimer fluorescence band occurs as a result of the formation of new compounds from the photo-oxidation and photodegradation processes of irradiated polymeric films, indicating the possibility of formation of polyene unit structures and possibly other oxygen containing compounds. Based on the work of Geuskens et al. [19] relevant to photodegradation of PS, the fluorescence bands of 362, 425 and 477 nm corresponded to the formation of new photo product which was identified to be polyene unit structure, and were defined by (n = 1, 2 and 3) respectively.
Kinetics and Mechanism of Photodegradation of Pure and Blended Poly (4-Ethoxystyrene) Solid Film
The intensity of the fluorescence bands was found to decrease by the increase in irradiation time and by blending with phthalate and terephthalate plasticizers. The decrease in the efficiency of fluorescence quenching of polymeric film by the increase in the amount of added plasticizers and by the increase in irradiation times at room temperature can be followed by applying Al Ani-Hawi equation [8] 
∆I / Io
As can be seen from Fig. 8 , the increase in the time of irradiation caused an increase in the photo quenching ratio in the photo quenching ( EX / EX ) as well as an increase in the photo quenching rate constant (k PQ ) values, and found to depend upon the structure of the plasticizer molecules. Phthalate plasticizers showed a lower efficiency of photo-quenching in comparison with that obtained with terephthalate plasticizers.
The corresponding fluorescence photo-quenching rate constant values (k PQ ) and the efficiency of photo-quenching ratio ( EX / EX ) of blended PETOS solid films are shown in Table 1 .
As can be seen from Table 1 , the photo quenching rate constant (k PQ ) increased with the increase in the molar mass of the used plasticizers and terephthalate gave lower values of (k PQ ) in comparison with the phthalate plasticizer.
It was reported that the photo-degradation mechanism of PS chromophores in solid films was dependent upon the rate of oxygen diffusion into the polymer matrix, and on the formation of charge transfer complexes between polymer chromophores and oxygen molecules [3, 7] . The rate of photo-oxidation is dependent upon the reactivity of oxygen molecules with the formed radicals in polymeric matrix. A combination of these formed macro-radicals may lead to cross-linking [36] . A more detailed discussion on the processes involved in the oxidative degradation in polymeric chains, has been reported by Rabek [11, 12] . The photo-oxidative degradation in PS chromophores is free radical chain mechanism which occurs when polymeric chains are exposed to UV-radiations in presence of air [37] . If we consider the photo-quenching rate constant (k PQ ) is an indication of efficiency of the photodegradation of blended polymeric chromophores, PETOS films showed an increase in the efficiency of photodegradation process, with the increase in irradiation time. Another factor is that these plasticizers showed a small absorption in the region of absorption of polystyrene, thus they may act as UV-absorbers [38] .
From the data obtained for irradiated pure and blended PETOS solid films, we can notice that the photostability of polymeric chromophores is similar to that found in the irradiation of polystyrene and other substituted polystyrene. This fact can be explained as phenyl ring substitution (as an inert group) in the para position of the styrene monomer may increases the photostability of polymer towards irradiation. On the other hand, the methoxy group substitutions make the hydrogen abstracting process during the irradiation process as a difficult process [39, 40] .
FT-IR Spectra for Non-irradiated and Irradiated Pure and Blended PETOS Solid Films
The effects of added phthalate and terephthalate plasticizers on the stability of irradiated PETOS films are further supported by FT-IR spectra analysis of irradiated pure and blended PETOS films with 10% DBP, 10% DOP, 10% DMT, 10% DET and 10% DOT for (3.0 hours) and were measured at exciting radiation of 265 nm. The % transmittance of polymer solid films was measured at the range of wavenumber from (4,000-500 cm -1 ) at 298 K and were recorder immediately before and after irradiation. The FT-IR spectra of irradiated and non-irradiated pure PETOS solid films are shown in Fig. 9a . The FT IR spectra of blended PEOXS with dibutyl phthalate plasticizer (DBP) and that for dioctyl phthalate plasticizer (DOP) are shown in Figs. 9b and 9c respectively.
The FT IR spectra of irradiated and non-irradiated blended PETOS solid films with dimethyl terephthalate plasticizer and blended with diethyl terephthalate plasticizer and blended with dioctyl terephthalate plasticizer are shown in Figs. 10a, 10b and 10c respectively.
As can be noticed from Figs. 9 and 10, the irradiated polymer solid film and that of blended PETOS solid films, showed an increase in the intensity of transmittance of many bands, decrease in the intensity of other bands as well as disappearance of some bands upon irradiation of blended polymer solid films.
In an earlier study, it has been reported that irradiation of polystyrene solid films resulted in changes in many bands in the FT IR spectra [9] , and also was noticed in the irradiated pure and blended poly (fluoro styrene) isomers with phthalate and terephthalate plasticizers in solid films [24, 25] . The same observation was noticed in the irradiation of poly (4-vinyl biphenyl) solid films [41] .
It was noted that the most demonstrated trend is the increase of the absorbance bands at (3,800-3,000 cm -1 ),
and by the formation of new absorption bands corresponding to new compounds resulting from the polymer chains photodegradation in different regions of the spectra. The following bands are found to refer to the following functional groups, in which several authors reported the formation of absorption bands in the range (3,600-3,400cm -1 ) is attributed to formation of the hydroxyl group. They are formed only in the presence of air (oxygen) and are probably due to oxidized benzene rings in polystyrene macromolecules [11] .
As can be observed from Figs. 9 and 10, modifications occur in different bands in the FT IR spectra of irradiated pure and blended PETOS films. It has been reported that the following bands in the range (3,600-3,400 cm -1 ), are attributed to formation of the hydroxyl group. They are formed only in the presence of air (oxygen) and are probably due to oxidized benzene rings in polystyrene macromolecules, and can indicate the increase in the aromacity of the sample by increase in irradiation time [11] . The FT IR bands in the range of (3,100-2,800 cm -1 ), refer to the formation of C-H stretching vibration in the aliphatic chain, and in the aromatic rings. The FT-IR bands in the range of (1,700-1,600 cm -1 ) are assigned to a (C=O) vibration [27] . In the infrared spectra of the photooxidized PETOS films, we noticed the formation of 825 cm -1 band, which was attributed to conjugated double bond sequences in the main polymer chain [42, 43] , while the bands in the range of (1,400-600 cm -1 ), are considered to be a deformation vibration region. The chemical changers during irradiation of polymer solid films were assessed by FT IR spectra. These changes in the bands are corresponding to the photodegradation and to the photo-oxidation of polymeric chains [25] . It was observed that the most demonstrated trend was the increase of the increase in the intensity of the absorption band upon irradiation of polymeric films in the range (3,750-3,200 cm -1 ). Several authors have reported that the bands in this region are attributed to the formation of hydroxyl group that results from the degradation of polymeric chromophores in presence of air and are probably due to the oxidizing benzene rings and to the decrease in the aromacity in polystyrene chromophores [13, 18] . They reported three cases of benzene ring photo-oxidation: formation of benzyl acetophenone chromophores; acetophenone structures; and conjugated double bonds. The same observation was noticed in the irradiation of other substituted polystyrenes in solid films [25, 26] . As can be seen from Figs. 9a-9c) the FT IR band in the range of (3,100-2,750 cm -1 ) showed an increase in the intensity upon irradiations of pure polymer film or irradiation of the blended PETOS solid films with dibutyl phthalate or dioctyl phthalate and is assigned to a (C=H) stretching vibration in the aliphatic chain, and in aromatic ring [9] . It also showed an increase in the absorption intensity of the bands at (1,700-1,400 cm -1 ) upon irradiation of polymeric films. These band are assigned to a (C=O) vibration [27] . An increase in the intensity of the FT IR band at (820 cm -1 ) was noticed in the irradiation of pure or blended polymer films, which was attributed to the conjugated double bond sequence in the main polymer chain [43] . The same observations of decrease or increase of red shift in the FT IR bands were observed in Figs. 10a, 10b and 10c which show the irradiations effect for three hours on blended PETOS films with dimethyl terephthalate, diethyl terephthalate and dioctyl terephthalate respectively. These observations were summarized in Tables 2 and 3 .
As can be notched from Tables 2 and 3 , the increase in the intensity of FT IR bands and the small red shift in other bands upon blending with phthalate and terephthalate plasticizers, can give good indication of acceleration of photodegradation of polymeric chains, and the photo-oxidation of polymeric chains in presence of air.
The data reported in Figs. 9 and 10, and Tables 2  and 3 for the irradiated pure and blended polymer, permit characterization these modifications in the following points:
At the high region of the FT IR spectra, a noticeable increase in the absorption of the 3,422 cm -1 band is observed in irradiated blended polymer films, on the other hand a small increase in the absorption of many bands in the irradiated pure polymer film. Which can be ascribed to the associated carboxylic acid group [15, 44] ? The absorption band between 2,960 cm -1 and 2,840 cm -1 , centered at about 2,920 cm -1 , is assigned to the (C-H), stretching vibration of benzene, and found to increase its intensity with irradiation of blended polymer. Such observation suggests that photodegradation of PETOS involves the oxidation of benzene ring [27] . In the domain of the (C=O) stretching vibration (Figs. 9 and 10), one can observe the increase in the intensity of the bands at 1,720 cm -1 and 1,610 cm -1 , with blending and increasing in irradiation time, which could be attributed to the formation of (C=O) groups as a result of photo-oxidation of polymer chains [45] .
In the complex region of the (C-O) stretch and (C-O-H) bend vibration, the increase in the absorption bands of 1,510 cm -1 , 1,393 cm -1 , 1,242 cm -1 and 1,046 cm -1 with the increase in irradiation time and blending of polymeric film suggests the formation of mono-substituted benzene ring [27] . The increase in the intensity of the absorption band of 825 cm -1 upon irradiation of polymeric films, may suggest the formation of conjugated double bond sequences in the main polymer chain during the irradiation process. The same observation was noticed by Grassie and Weir [3] . From plots in Figs. 9 and 10, photodegradation and photo-oxidation of PETOS films were enhanced by blending with phthalate and terephthalate plasticizers as well as the increase in irradiation time. The FT IR spectra of irradiate pure PETOS and blended polymer with phthalate and terephthalate plasticizers showed the formation of new absorption band, decrease in the intensity of other bands and the increase in the intensity of most bands in the FT IR spectrum. In the domain of the (C-O) stretching vibration, one observes the appearance of two bands with their maxima at about 1,720 cm -1 and 1,610 cm -1 .
The increase in their intensity of 1,720 cm -1 band with increase in irradiation time could be attributed to the formation of oxidation products. The increase in the intensity of the band at 1,610 cm -1 may well indicate that aromatic units lose their symmetry throughout the photo-oxidation process. At high region of the FT-IR spectra, the absorption band at (3,423-3,444 cm -1 ), a noticeable increase in the intensity of the absorption band is observed in the irradiated doped polymer, which can be ascribed to carboxylic acid group (44) . From the data obtained, photo-oxidation of polymeric chains is the main chemical process that occurs during irradiation. Chin scissions are the initial degradation process and are enhanced by plasticization.
It is important for future study to use light energy and thermal energy to obtain data on the analysis of the nature of photoproducts resulted from the degradation process, and write up the proper mechanism of polymer degradation.
